Background The link between body mass index (BMI) and disease characteristics in rheumatoid arthritis (RA) remains controversial. Body composition (BC) has been more frequently recommended to be used instead of BMI for more accurate assessment. Our study aimed to investigate the characteristics of BC in RA patients and their associations with disease characteristics. Methods Body composition was assessed in consecutive Chinese RA patients and control subjects by bioelectric impedance analysis. Overfat was defined by body fat percentage (BF%) as ≥25% for men and ≥35% for women. Myopenia was defined by appendicular skeletal muscle mass index (ASMI) ≤7.0 kg/m 2 in men and ≤5.7 kg/m 2 in women. BMI and clinical data including disease activity, function, and radiographic assessment were collected. Active disease was defined by disease activity score in 28 joints with four variables including C-reactive protein (DAS28-CRP) ≥2.6. Functional limitation was defined as Stanford health assessment questionnaire disability index (HAQ-DI) >1. Radiographic joint damage (RJD) was defined as the Sharp/van der Heijde modified sharp score (mTSS) >10. Results There were 457 RA patients (mean age 49.5 ± 13.1 years old with 82.7% women) and 1860 control subjects (mean age 34.3 ± 9.9 years old with 51.2% women) recruited. Comparisons of BMI and BC between RA patients and control subjects in age and gender stratification showed that lower BMI with 17.7% underweight and lower ASMI with 45.1% myopenia are the main characteristics in RA patients. Compared with those without myopenia, RA patients with myopenia had significantly higher DAS28-CRP (median 3.5 vs. 3.0), higher HAQ-DI (median 0.38 vs. 0.13) with higher rate of functional limitation (24.8% vs. 7.6%), and higher mTSS (median 22.3 vs. 9.0) with more RJD (71.8% vs. 45.8%) (all P < 0.001). Multivariate logistic regression analysis showed myopenia were positively associated with functional limitation (OR = 2.546, 95% CI: 1.043-6.217) and RJD (OR = 2.660, 95% CI: 1.443-4.904). All RA patients were divided into four BC subgroups according to overfat and myopenia. Those with both overfat and myopenia had the worst disease characteristics. After adjustment for confounding factors, significant additive interactions were observed between overfat and myopenia in active disease (AP = 0.528, 95% CI: 0.086-0.971), functional limitation (AP = 0.647, 95% CI: 0.356-0.937), and RJD (AP = 0.514, 95% CI: 0.139-0.890). Conclusions Myopenia is very common in RA patients that is associated with functional limitation and joint damage in RA. Further research on the underlying mechanism and the effect of skeletal muscle mass improvement in RA management are worth exploring in the future.
Introduction
Rheumatoid arthritis (RA) is a common inflammatory autoimmune disease leading to irreversible erosive joint destruction, disability, and impaired quality of life. 1 During the last decades, research on metabolic status in the pathophysiology of RA has increased dramatically. Some researchers indicated that increasing body mass index (BMI) in RA patients was associated with higher risk for RA development 1 and worse disease outcomes, [2] [3] [4] while others showed no association with disease outcomes, 5, 6 or even contrasting results such as reduced risks of RA development, 7 radiographic damage, 8, 9 and early death. 10 The link between BMI and RA disease characteristics remains controversial. In addition, BMI has been challenged for the limitation of failure to differentiate comprising tissues of the body. Fat mass and other tissues are components of total weight and can vary enormously among individuals. People with low lean mass but high fat mass may still have a normal BMI. Skeletal muscle mass was found to be decreased in RA by dual X-ray absorptiometry (DXA) measurement. 11 Rheumatoid cachexia is characterized by loss of muscle with or without weight loss in the presence of stable or increased fat mass. Although there is no consensus criterion for diagnosis of rheumatoid cachexia, it has been reported ranging from 17% to 60% in RA. [12] [13] [14] Instead of BMI, more accurate body composition (BC), including fat mass, muscle mass, and other tissues, has been frequently recommended to assess metabolic status. There are four main techniques commonly used to evaluate BC in clinical practice: DXA, computed tomography, magnetic resonance imaging, and bioelectric impedance analysis (BIA). Because DXA, computed tomography, and magnetic resonance imaging are radioactive or expensive and time-consuming techniques requiring trained professionals, BIA was adopted in this study. BIA is reliable, objective, practical, inexpensive, and does not require highly trained personnel. 15 In this cross-sectional study, we investigated the characteristics of BC in consecutive RA patients comparing with control subjects in terms of their associated disease characteristics including RA disease activity, functional limitation, and radiographic joint damage (RJD).
Materials and Methods

Study patients and controls
Consecutive Chinese patients with RA aged older than 16 years who fulfilled the 1987 revised criteria of the American College of Rheumatology 16 or 2010 American College of Rheumatology/European League Against Rheumatism classification criteria for RA 17 were recruited from September 2015 to July 2017 at the Department of Rheumatology, Sun Yat-Sen Memorial Hospital, Guangzhou, China. Control subjects were white-collar employees in Zhangjiang InnoPark of Shanghai voluntarily participating in this study from June 2015 to August 2016. Exclusion criteria included cancer, current infection or pregnancy, severe mental disorders, and implanted electronic devices. This study was conducted in compliance with the Declaration of Helsinki, and the protocol was approved by the Medical Ethics Committee of Sun Yat-Sen Memorial Hospital (SYSEC-2009-06). All participants gave their written informed consent before clinical data collection.
Body mass index and body composition
Demographic data and anthropometric measurements of RA patients and control subjects were collected. Weight was measured to the nearest 0.1 kg without shoes, socks, bulky clothing, and other accessories. Height was measured to the nearest 0.01 m without shoes and socks using a stadiometer. BMI (kg/m 2 ) was calculated as weight (kg) divided height (m) squared. As recommended by the Working Group on Obesity in China, 18 subjects were categorized by BMI as underweight (BMI < 18.5 kg/m 2 ), normal weight (18.5 kg/ m 2 ≤ BMI < 24 kg/m 2 ), overweight (24 kg/ m 2 ≤ BMI < 28 kg/m 2 ), and obese (BMI ≥ 28 kg/m 2 ).
Body composition was assessed by BIA using an InBody 230 device 19 (Biospace Co., Shanghai, China), which measures BC indicators including body fat percentage (BF%), the mass and distribution of muscle and fat in trunk, and appendicular extremities. Appendicular skeletal muscle mass index (ASMI) was defined as appendicular skeletal muscle mass/height 2 (kg/m 2 ). Overfat was defined by BF% as ≥25% for men and ≥35% for women. 20 Myopenia was defined by ASMI ≤7.0 kg/m 2 in men and ≤5.7 kg/m 2 in women according to Asian Working Group for Sarcopenia. 21 
Clinical and radiographic assessment
Clinical data of RA patients were collected simultaneously as in our previous report 22 and modified according to 2017 European League Against Rheumatism recommendation 23 including disease duration, time of morning stiffness, 28-joint tender and swollen joint count (28TJC and 28SJC), patient and provider global assessment of disease activity (PtGA and PrGA, range 0-10), pain visual analogue scale (Pain VAS), erythrocyte sedimentation rate [ESR, mm/h, 0-20 mm/h (female), 0-15 mm/h (male)], C-reactive protein (CRP, mg/L, 0-5 mg/L), rheumatoid factor (RF, mg/L, 0-20 mg/L), and anti-cyclic citrullinated peptide antibody (ACPA, IU/mL, 0-18 IU/mL). Disease activity was assessed with simplified disease activity index (SDAI), clinical disease activity index (CDAI), and disease activity score in 28 joints with four variables including CRP (DAS28-CRP). Disease activity defined by DAS28-CRP was divided into four categories: high disease activity (DAS28-CRP > 5.1), moderate disease activity (3.2 ≤ DAS28-CRP ≤ 5.1), low disease activity (2.6 ≤ DAS28-CRP < 3.2), and remission (DAS28-CRP < 2.6). Active disease was defined by DAS28-CRP ≥ 2.6. 24 Chinese language version of Stanford health assessment questionnaire disability index (HAQ-DI) was used to assess physical activity function in eight categories (dressing, rising, eating, walking, hygiene, reaching, griping, and activities). Functional limitation was defined as HAQ-DI > 1. 25 Conventional radiographs of bilateral hands and wrists (anteroposterior view) were performed on all RA patients and assessed with the Sharp/van der Heijde modified Sharp score by two experienced observers (C. M. H. from radiology and M. J. D. from rheumatology) who were blinded to clinical data as we described previously. 26 Sixteen areas for joint erosion (JE) and 15 for joint space narrowing (JSN) of hands were assessed in each hand/wrist. The maximum score per single joint for JE is 5 and for JSN is 4, with the sum of JE (0-160) and JSN (0-120) subscores constituting total modified Sharp score (mTSS, 0-280). 27 Reliability and agreement were assessed using an intra-class correlation coefficient and the mean intra-class correlation coefficient for inter-observer agreement was 0.977. Subjects with mTSS>10 were considered having RJD. 25 
Statistical analysis
Statistical analyses were performed with SPSS for Windows 20.0 statistical software (IBM, Armonk, NY, USA). Data were presented as frequencies and percentages for categorical variables, and mean and standard deviation or median and interquartile range for continuous variables according to distributions. Two independent samples t-test or Mann-Whitney U-test were used to compare the differences of continuous variables according to distributions between two groups. Fisher's exact test and χ 2 test were used for categorical variables in two groups. Kruskal-Wallis test was used for comparison in four BMI categorizations and four BC subgroups. Bonferroni correction was used for multiple comparisons in four BC subgroups. Univariate logistic regression analyses were used to identify the association of BMI and BC with RA disease characteristics including active disease, functional limitation, and RJD. Further multivariate logistic regression analyses were performed to confirm their significant associations, adjusted for potential confounders including age, gender, smoking habits, disease duration, RF status, ACPA status, and previous treatment [treatment naïve (yes/ no), glucocorticoid use (yes/no), methotrexate use (yes/no), leflunomide use (yes/no), biologic agents use (yes/no)], as well as adding BMI and BC indicators. Interaction, defined as departure from additivity of effects, was evaluated between overfat and myopenia in RA disease characteristics including active disease, functional limitation, and RJD. The attributable proportion (AP) due to interaction with 95% CI was calculated as Andersson et al. described. 28 Multivariate logistic regression analyses were performed to confirm their interactions, adjusted for age, gender, BMI, smoking habits, disease duration, RF status, ACPA status, and previous treatment [treatment naïve (yes/no), glucocorticoid use (yes/no), methotrexate use (yes/no), leflunomide use (yes/no), biologic agents use (yes/no)]. All significance tests were two-tailed and were conducted at the 5% significance level.
Results
Baseline characteristics of rheumatoid arthritis patients and control subjects
There were 457 RA patients and 1860 control subjects recruited, and the baseline characteristics of RA patients were shown in Table 1 . In RA group, the mean age was 49.5 ± 13.1 years old with 82.7% women. The median disease duration was 54 months (range 1-480), 3.5% with short disease duration (<6 months), and 72.0% with long disease duration (>24 months). There were 35.4% RA patients in remission, 14.2% in low disease activity, 36.1% in moderate disease activity, and 14.2% in high disease activity defined by DAS28-CRP. There were 93.2% RA patients with bony erosion and 16.8% patients without previous glucocorticoids or disease modifying anti-rheumatic drugs therapy for 6 months before enrolment (treatment naïve). There were 65 (14.2%) RA patients with hypertension and 37 (8.1%) RA patients with type 2 diabetes mellitus. In control group, the mean age was 34.3 ± 9.9 years old with 51.2% women. Compared with control subjects, RA patients were older (49.5 ± 13.1 years vs. 34.3 ± 9.9 years, P < 0.001) with the predominance of female (82.7% vs. 51.2%, P < 0.001).
Body mass index and body composition in rheumatoid arthritis patients
The mean BMI in RA and control groups were 21.8 ± 3.4 kg/m 2 vs. 22.6 ± 3.2 kg/m 2 , in line with 17.7% vs. 7.8% with underweight, 58.0% vs. 61.8% with normal weight, 20.1% vs. 25.2% with overweight, and 4.2% vs. 5.2% with obese, respectively. In view of the significant differences in gender and age between two groups, BMI and BC were compared between RA patients and control subjects in age and gender stratification ( Figures 1 and 2) . The male RA patients had significantly lower BMI than controls in all age subgroups except age 31-40 years old, together with greater proportion of underweight and less proportion of overweight and obesity. The female RA patients had lower BMI than controls in age ≤30 and 51-60 years old subgroups and had greater proportion of underweight and less proportion of normal weight in age ≤30 and 31-40 years old subgroups (all P < 0.05, Figure 1 ).
The mean BF% in RA and control groups were 29.6 ± 8.3% vs. 24.7 ± 6.5%, in line with 32.4% vs. 18.4% with overfat, respectively. The mean ASMI in RA and control groups were 6.0 ± 0.9 kg/m 2 vs. 7.1 ± 1.1 kg/m 2 , in line with 45.1% (43.0% in male RA patients and 45.5% in female RA patients) vs. 13.2% with myopenia, respectively. Comparisons of the BC between RA patients and control subjects in age and gender stratification were shown in Figure 2 . The male RA patients had significantly lower ASMI and higher prevalence of myopenia than controls in all age subgroups, while no differences in BF% and the prevalence of overfat were found in all age subgroups. The female RA patients also had significantly lower ASMI and higher prevalence of myopenia in all age subgroups, together with significantly higher BF% in age ≤30 and 51-60 years old subgroups and higher prevalence of overfat in age 51-60 years old subgroup (all P < 0.05).
Comparisons of disease characteristics among rheumatoid arthritis patients in body mass index or body composition categorizations
The comparisons of disease characteristics among RA patients in BMI categorization showed no significant difference except for age, morning stiffness, and JSN subscore (Supporting Information, Table S1 ). Compared with RA patients with normal weight, RA patients with underweight were younger (median 40 years vs. 50 years, P = 0.001) with higher JSN subscore (median 7.0 vs. 3.0, P = 0.042), while RA patients with overweight were older (median 54 years vs. 50 years, P = 0.003) with longer morning stiffness.
The comparisons of disease characteristics between RA patients in BF% or ASMI subgroups were showed in Table 2 . Compared with RA patients with normal fat, RA patients with overfat were older with longer disease duration, higher RA disease activity indicators, including PtGA, PrGA, CRP, DAS28-CRP, SDAI, and CDAI, higher functional indicators including HAQ-DI and the rate of functional limitation, and higher radiographic assessment index including mTSS, JE subscore, and the rate of bony erosions as well as RJD. In contrast to RA patients without myopenia, RA patients with myopenia had longer disease duration, higher disease activity including almost all core disease activity indicators, higher functional indicators including HAQ-DI and the rate of functional limitation, and higher radiographic scores including mTSS, JSN and JE subscores, and the rate of RJD (all P < 0.05).
Associations of body mass index and body composition with rheumatoid arthritis disease characteristics
To explore the associations of BMI and BC with RA disease characteristics including active disease, functional limitation, and RJD, univariate and multivariate logistic regression analyses were performed ( Table 3 ). There were 64.6% RA patients with active disease. Univariate logistic regression analysis showed that myopenia was positively associated, and ASMI was negatively associated with active disease in RA patients, while BMI, BMI categorization, BF%, or overfat showed no association. After adjustment for age, gender, smoking habits, disease duration, RF status, ACPA status, and previous treatment, ASMI was still associated with active disease. After further adjustment for the effects of BMI and BF% and confounding factors above, multivariate logistic regression showed that ASMI was still associated with active disease (OR = 0.454, 95% CI: 0.224-0.920, P = 0.028).
There were 15.3% RA patients with functional limitation. Univariate logistic regression analysis showed that overfat and myopenia were positively associated with functional limitation, while ASMI was associated negatively. After adjustment for age, gender, smoking habits, disease duration, RF status, ACPA status, and previous treatment, myopenia was positively associated with functional limitation, while ASMI was associated negatively. After further adjustment for the effects of BMI and BF% and confounding factors above, multivariate logistic regression showed that ASMI (OR = 0.123, 95% CI: 0.050-0.307, P < 0.001) and myopenia (OR = 2.546, 95% CI: 1.043-6.217, P = 0.040) were still associated with functional limitation. There were 57.5% RA patients with RJD. Univariate logistic regression analysis showed that BF%, overfat, and myopenia were positively associated with RJD, while ASMI was associated negatively. After adjustment for age, gender, smoking habits, disease duration, RF status, ACPA status, and previous treatment, myopenia was positively associated with RJD, while ASMI was associated negatively. After adjustment for the effect of BMI and BF% and confounding factors above, multivariate logistic regression showed that ASMI (OR = 0.356, 95% CI: 0.177-0.713, P = 0.004) and myopenia (OR = 2.660, 95% CI: 1.443-4.904, P = 0.002) were still associated with RJD.
Interaction between overfat and myopenia
According to overfat and myopenia, all RA patients were divided into four BC subgroups, and their disease characteristics were compared in Table 4 . There were 167 (36.5%) RA patients with normal fat and non-myopenia, 84 (18.4%) with overfat but non-myopenia, 142 (31.1%) with normal fat but myopenia, and 64 (14.0%) with both overfat and myopenia. RA patients with both overfat and myopenia had approximate BMI compared with those with normal fat and non-myopenia (22.4 ± 2.4 kg/m 2 vs. 21.7 ± 2.1 kg/m 2 , P = 0.113). There were significant differences in age, disease duration, almost all core disease activity indicators, functional indicators, and radiographic assessment indicators among four subgroups. Compared with normal fat and nonmyopenia subgroup, RA patients with overfat but nonmyopenia were older, while RA patients with normal fat but myopenia had higher functional indicators including HAQ-DI and the rate of functional limitation, higher radiographic assessment index including mTSS, subscores of JSN and JE, and the rate of RJD. Moreover, RA patients with both overfat and myopenia had the highest ESR, CRP, HAQ-DI, the highest rate of functional limitation, mTSS, and JE subscore in comparison with other three subgroups, respectively. In addition, RA patients with both overfat and myopenia had significantly higher core disease activity indicators including PtGA, PrGA, Pain VAS, DAS28-CRP, SDAI, CDAI, and higher rate of active disease, higher JSN subscore, and higher rate of RJD, when compared with normal fat and non-myopenia subgroup as well as with overfat but non-myopenia subgroup, respectively (all P < 0.0083, Bonferroni correction). Additive interaction between overfat and myopenia in RA disease characteristics were shown in Table 5 . After adjustment for age, gender, BMI, smoking habits, disease duration, RF status, ACPA status, and previous treatment, multivariate logistic regression analysis showed that myopenia with normal fat had a higher probability accompanied by RJD (OR = 2.339, 95% CI: 1.283-4.263) when compared with normal fat without myopenia, while overfat without myopenia showed no association with RA disease characteristics. In addition, overfat in conjunction with myopenia had higher probabilities accompanied by active disease (OR = 2.185, 95% CI: 1.021-4.673), functional limitation (OR = 7.611, 95% CI: 
<0.001
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Discussion
This cross-sectional study compared BMI and BC between 457 Chinese RA patients and 1860 control subjects in age and gender stratification and found that lower BMI with 17.7% underweight and lower ASMI with 45.1% myopenia are their main characteristics of metabolic status in Chinese RA patients. RA patients with myopenia had worse disease characteristics including significantly higher indicators of disease activity, higher rate of functional limitation, and radiographic scores. Further multivariate regression analysis confirmed the association of ASMI and myopenia with functional limitation and RJD. This is the first report of the association of myopenia with RA joint destruction, which implies that further research on the underlying mechanism and the effect of skeletal muscle mass improvement in RA management are worth exploring in future. Asian patients with RA reported less obesity but more underweight than that of Western countries. In contrast to published RA data from the US and Germany National Database for Rheumatic Diseases, our data of Chinese RA patients confirmed the lower prevalence of obesity (China 4.2% vs.
Western 21.4-34.7%) and higher prevalence of underweight (China 17.7% vs. Western 1.1-2.2%). 29, 30 Furthermore, our RA patients also showed lower prevalence of obesity (4.2% vs. 13.1%) but higher prevalence of underweight (17.7% vs. 3.8%) compared with Chinese adults from Chinese Center for Disease Control and Prevention. 31 RA individuals reported almost 2 kg/m 2 BMI values lower than those of healthy controls for the same level of body fat. 32 Previous studies reported the association between low BMI and joint damage, 25 and rapid weight loss was a strong predictor of death in RA patients. 33 In our study, RA patients had significantly lower BMI and higher prevalence of underweight than those of control subjects. In contrast, our data showed no significant difference of disease characteristics among RA patients in BMI categorization and no association between BMI and RA disease characteristics including joint damage in logistic regression analyses.
There were 32.4% RA patients with overfat in this study. However, no association was found in BF% or overfat with RA disease characteristics in multivariate regression. The fat tissue can produce a wide variety of adipokines. Elevated leptin, adiponectin, resistin, and visfatin have been reported in serum and synovial fluid of RA patients that are correlated with disease parameters, such as ESR, CRP, DAS28, HAQ score, and radiographic damage. 34 These results are supported by experiments of mouse. Leptin-deficient mice had less severe arthritis than wild-type mice. 35 Adiponectin injection in collagen-induced arthritis mice resulted in more severe arthritic progression. 36 Mouse cartilage explants treated with resistin released increased levels of inflammatory cytokines. 37 Visfatin inhibitor effectively reduced mice arthritis severity and decreased pro-inflammatory cytokine secretion. 38 However, clinical data showed a surprising protective action of obesity on RJD in RA patients. 8, 9 The controversial effect of obesity and fat tissue on RA disease characteristics remains elusive.
Chronic inflammatory response in RA is a highly energyconsuming process, inducing a hypermetabolic and catabolic state with increased resting energy expenditure, which results in loss of muscle mass despite adequate dietary intake. 12 Previous studies showed that decreased muscle mass is associated with worse outcomes even higher mortality in some circumstance, such as liver cirrhosis, cancer, and older adults. [39] [40] [41] Thus, valid, reliable, accurate, and costeffective tools for BC measurement, instead of BMI, are necessary for assessing RA patients. Previous studies reported 37-57% male RA patients and 13-43.3% female RA patients having myopenia under different definitions. 11, 42, 43 Decreased skeletal muscle mass especially appendicular muscle was shown to be associated with low physical function in RA. 12 However, the association of myopenia with RA joint destruction has not been reported. Our study showed that RA patients had lower ASMI and higher prevalence of myopenia (45.1% vs. 13.2%) than controls. In RA patients, less ASMI was associated with worse disease characteristics including active disease, functional limitation, and RJD. Each 1 kg/m 2 increase in ASMI, the risk of active disease, functional limitation, and RJD decreased 54.6%, 87.7%, and 64.4% respectively after adjustment for age, gender, BMI, BF%, smoking habits, disease duration, RF status, ACPA status, and previous treatment. Myopenia was associated with increased risks of both functional limitation by 2.546-fold and RJD by 2.660-fold.
The concept of biological interaction as originally described by Rothman 44 is commonly used in the context of disease aetiology, for example, when examining gene-environment interaction. Biological interaction between two risk factors is defined as a deviation from additivity of the absolute effects of the two factors in question. Synergy, known as Morning stiffness, min, median (IQR) 0 (0-10) 0 (0-10) 0 (0-10) 0 (0-30) 0.626 28TJC, median (IQR) additive interaction, is defined as the resulting effect is more than the sum of the absolute effects of the two factors. In our study, there were 14.0% patients with both overfat and myopenia, showing approximate BMI compared with those with normal fat and non-myopenia. These characteristics were similar to rheumatoid cachexia. Rheumatoid cachexia was reported to be associated with higher CRP, worse disease activity, and physical disability by a Swedish RA casecontrol study. 45 However, another study failed to confirm the association. 46 Sarcopenic obesity and ectopic fatty infiltration of skeletal muscles have been observed in other diseases such as liver cirrhosis and diffuse large B-cell lymphoma, where its presence is associated with particularly poor disease control and prognosis. 39, 40 In our study, compared with three other BC subgroups based on overfat and myopenia, RA patients with both overfat and myopenia had the worst indicators of almost all disease characteristics. There were significant additive interactions between overfat and myopenia in all RA disease characteristics with AP 52.8% in active disease, 64.7% in functional limitation, and 51.4% in RJD, respectively, indicating the resulting effects of active disease, functional limitation, and RJD were more than the sum of the absolute effects of overfat and myopenia. This is the first report of the additive interaction between overfat and myopenia in RA disease characteristics.
The low mobility caused by functional limitation may lead to the loss of muscle mass and vice versa. However, the causality and underlying mechanism of myopenia and joint destruction remain elusive. Elevated pro-inflammatory cytokines, such as TNF-α, IL-1β, and IL-6, can promote osteoclastic bone resorption and inhibit osteoblast differentiation, meanwhile suppress myogenic proliferation and differentiation as well as increase muscle degradation, resulting in joint destruction and muscle wasting. Although the effect of TNF-α inhibitors on muscle mass is conflict in different studies, 12 RA patients reported a significant gain in appendicular lean mass after 1 year treatment with IL-6 receptor antagonist tocilizumab. 47 Mechanical factors play significant roles in both muscle and bone through affecting on the differentiation of mesenchymal stem cells into osteoblasts and myotubes. 48 Interestingly, recent studies indicated that both muscle and bone are considered as mutually impacted endocrine organs. 48 Myostatin, a skeletal muscle-derived endocrine factor, is a negative regulator of muscle growth and regeneration, which leads to muscle hypertrophy. Myostatin not only induces IL-1β expression in RA synovial fibroblasts through the activin-like kinase receptor signalling pathways, resulting in severe inflammation, 49 but also enhances RANKL-induced osteoclastogenesis contributing to bone degradation in inflammatory arthritis. 50 Whether myostatin play roles in the pathogenesis of myopenia-related joint damage in RA is worth further exploration.
The practical implication of our finding about the effect of skeletal muscle mass improvement in RA management are worth exploring. Some adjuvant treatments had been tried to attenuate muscle loss in RA patients. Wilkinson et al. 51 investigated the effectiveness of oral creatine supplementation for 24 weeks. They found that creatine increased muscle mass but not strength or objective physical function. Another study found diet addition of essential pro-anabolic amino acids had no better effect on BC than a mixture of non-essential amino acids. 52 Resistance training is known as a treatment for muscle mass increase and improves BC. Morsley et al. 53 reported that BF% in 83 patients with RA and other inflammatory arthritis decreased by 1.78 ± 8.22% and HAQ-DI decreased by 0.24 ± 0.62 (both P < 0.0001) after 6-week progressive resistance training. Several studies supported the effectiveness of mixed programme of aerobic and resistance training on BC. 54 Stavropoulos-Kalinoglou et al. 55 also found that the mixed programme of aerobic and resistance training is effective in reducing cardiovascular risk in RA.
There are several limitations of our study. Firstly, it was designed as a cross-sectional investigation at single centre. Risk factors and outcome measurement at the same timeframe made it scientifically inappropriate to determine the causality between myopenia and RA joint destruction. The baseline characteristics of recruited RA patients in our study were similar to the Chinese Registry of Rheumatoid Arthritis 56 including 13 210 RA patients (80.6% female, mean age 52.9 years, and median disease duration 4.0 years) from 173 centres in 31 provinces all over China. Secondly, the controls in our study comprising mainly white-collar volunteer employees were younger than RA group featuring with lower prevalence of obesity (5.2% vs. 13.1%) and slightly higher prevalence of underweight (7.8% vs. 3.8%) than that of Chinese adults in the registry. 31 For adjusting selection bias, we stratified RA patients and control subjects by age and gender for statistical analysis. Epidemiological data have showed that the incidence rates of RA are about three-fold higher in women than men, with predominance (approximate 80%) of middle-aged disease onset. 57 Although in line with the features of RA incidence, our data showed only few male RA patients in age ≤30 (n = 4) and 31-40 (n = 8) years old subgroups. More male RA patients, especially younger patients, are needed in further study. Thirdly, cut-offs from different BIA manufacturers are not interchangeable. Because the lack of an available InBody device cut-off derived from the Asian population, we applied AGWS cut-offs established by Tanimoto in 2012 which used a different Tanita device. 21 BIA method itself has some limitations, including its accuracy mainly due to the problem of the individual prediction error and availability of populationspecific equations to predict lean mass according to the reference standard used to validate the BIA equation. Fortunately, there are several reliable and evidence-based equations available for the more precise assessment of metabolic status in RA patients. 58 A future large scale of multi-community based epidemiological survey on general population and multicentre prospective studies on RA patients are needed to address these limitations in our study and make potentially novel discoveries.
In conclusion, myopenia is very common in Chinese RA patients, which is associated with functional limitation and joint damage. Further research on the underlying mechanism and the effect of skeletal muscle mass improvement in RA management are worth exploring in large study. disclose the identity of the participants under study have been omitted.
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